Neonatal Susceptibility and Xenobiotic Biotransformation 

I. Characterization of the Ontogenetic Development of Xeniobiotic 
Biotransformation Enzymes in Laboratory Animat Models. 

Xenobiotic biotransformation can lead to the clearance of toxic chemicals and 
can at the same time lead to the generation of toxic metabolites or unstable chemically 
reactive intermediates. Microsomal and cytosolic enzymes involved in the 
biotransformation of xenobiotics develop at various rates. For example with regard to 
cytochrome P-450 systems in rodents there is generally limited development throughout 
gestation and then a marked increase after birth 1 . Human infants, on the other hand, are 
bom in a more completely developed state relative to rodents and consequently the 
cytochrome P-450 systems are relatively more completely developed. 

Recent studies have shown that isoenzymes of xenobiotic metabolizing systems 
are not expressed uniformly in developing humans 2 . For example human CYP3A7 is 
found prominently in human fetal liver but not in adult liver 3,4 whereas CYPs 1A2, 2B6, 
and 2C8 are expressed highly in children over 1 year old 5 . Similar observations of 
variable expression of glutathione S-tranferase have been reported 6 . These results 
suggest that activation and detoxication capacity could be age-dependent. Thus 
susceptibility of neonates to chemical exposure is likeiy to be very much dependent on 
the prevelance of activation/detoxication enzymes at the time of exposure. A major 
limitation to predicting the susceptbility or resistance of human neonates to chemical 
exposure is a lack of similar information on the ontogenetic development of xenobiotic 
metabolizing enzymes in rodent models of humans toxicity. Differences in the extent of 
expression of xenobiotic metabolizing enzymes between rodents and humans at a given 
period of development complicates the interpretation of neonatal chemical exposure 
studies where rodents are used as models for humans. Thus there is a need for a 
systematic characterization of the ontogenetic development of key xenobiotic 
biotransformation enzymes in common laboratory animal models of developmental and 
reproductive toxicity (e.g. the rat and rabbit) in comparison with that of humans. Such an 
analysis should be carried out by protein expression methods (including functional 
analyses) rather than just through mRNA expression. The outcome of this work could be 
£ map showing the degree of expression of key isoenzymes of xenobiotic metabolism 
over time in laboratory animal models and in humans. 
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II. Implications of Neonatal Development of Xenobiotic 
Biotransformation Enzymes for Maiemal/Neonatai Unit Toxicity 


Xenobiotic biotransformation can lead to the clearance of toxic chemicals and can at the 
same time lead to the generation of toxic metabolites or unstable chemically reactive 
intermediates. Microsomal and cytosolic enzymes involved in the biotransformation of 
xenobiotics develop at various rates. For example with regard to cytochrome P-450 systems in 
rodents there is generally limited development throughout gestation and then a marked increase 
after birth 1 . Human infants, on the other hand, are bom in a more completely developed state 
relative to rodents and consequently the cytochrome P-450 systems are relatively more 
completely developed. With regarc. to animal models of human developmental toxidty, 
differences between adults and neonates in xenobiotic metabolizing systems are less adequately 
characterized although information available suggests that differential expression of xenobiotic 
metabolizing enzymes in adult and neonatal animals could leave neonates susceptible or 
resistant to chemical induced toxicity. 

Physioiogically-based pharmacokinetic (PBPK) modeling is a powerful tool for 
extrapolating dosimetry across species, from high doses to low doses, and across various 
exposure durations. Recently, PBPK models have been developed which model this induction of 
various proteins over time 2,3 and it seems reasonable to extend this technology to the 
development of xenobiotic metabolizing system in the neonatal liver. PBPK models of lactational 
transfer have also recently been developed for several volatile organic chemicals and these 
models have been used to predict occupational exposure of infants to toxic chemicals 4,5 . 

Coupling these technologies, it should be possible to mode) neonatal exposure to chemicals, 
through lactational transfer, where neonates are either susceptible or resistant to chemicals that 
may or may not be bioactivated or detoxified by the maternal system. 

The goal of this RfP is to further the development of PBPK modeling approaches in the 
area of susceptibility or resistance of neonates to chemical exposure through lacational transfer. 
This application is directly applicable to exposure scenarios involving nursing mothers exposed to 
xenobiotics (drugs, anthropogenic chemicals, natural food constituents), particularly those for 
which the neonate harbors a susceptibility different from that of mother due to differential 
expression of xenobiotic metabolizing systems. This proposal calls for the development of 
experimental dosimetry data in adult and neonatal animals, the latter exposed through lactational 
transfer and the use of PBPK modeling techniques to describe cnemical kinetics in the adult and 
neonate and extrapolate the results to humans. Preference will be give to those model systems in 
which the key xenobiotic biotransformation enzymes are expressed differentially between 
neonates and adults. 
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